Applied nitrogen was effective in increasing forage production on some native ranges of British Columbia. The effect was residual showing response after six years. However, it was only economically feasible at fhe Summerland siie where production was increased 76% over a six-year period. Phosphorus appeared io be of little value, either alone or in combination with nitrogen.
The forage production of native ranges in the Kamloops area is low. This is due in part to prolonged overgrazing and limited precipitation, particularly at the lower elevations.
Production has been increased by nitrogen fertilizers at .a number of places. Mason and Miltimore (1959) increased the yield of native bluebunch wheatgrass from 640 to 1060 lb/acre in 1957, and from 678 to 1725 in 1958, by the application of 60 lb of N as ammonium nitrate. Clarke and Tisdale (1945) indicated that the productivity of the short grass prairie of southern Alberta could be increased 32 to 36% by the application of commercial nitrogeneous fertilizers. Lodge (1959) found that there was a significant increase in yield as a result of application of 32 lb/acre of nitrogen. Rogler and Laurenz (1957) showed that the application of 90 lb/acre of nitrogen annually produced an average of 2271 lb of dry forage as compared to 1326 and 748 respectively for 30 lb and no nitrogen treatment. They also pointed out that two years of heavy fertilization did more to improve range condition and production than six years of complete isolation from grazing. As part of a broader study Kilcher et al. (1965) found that nitrogen was effective in increasing yields of native vegetation at several locations in western Canada.
The present work was performed to determine the increase in productivity from nitrogen fertilizer on several grassland types in British Columbia over a period of years.
Material and Methods
Fertilizer plots were located at three elevations in the Kamloops area as representative of the lower, mid, and upper grassland zones of the Interior. The soil is Brown, Dark Brown, and Black, respectively, with some degradation of the Black. The Summerland site which was used as a reference has a bluebunch wheatgrass-sage cover and is on a silt loam soil in the Brown soil zone. On the lower grassland site at Kamloops and the Summerland site the sagebrush was cut down to ground level with a farm-type rotary mower and left on the ground. Because of the effect of the standing sagebrush on reducing soil temperature and also using the limit precipitation it was decided to leave the sagebrush on one set of plots at the lower grassland site at Kamloops and to remove it just prior to cutting the grass in the fall.
The lower grassland site at Kamloops and the Summerland site had not been grazed for many years because of lack of watering facilities.
The other sites had all been heavily grazed. All sites were fenced in 1959 to prevent further livestock grazing during the years of the experiment. The experiment was a randomized block of four replicates. Four levels of nitrogen 0, 30, 60, and 100 lb/acre plus 60 lb of P205, and a final treatment of P2O.i plus 60 lb of nitrogen. The source of the nitrogen was ammonium nitrate and the source of the PSOS was ammonium phosphate. This means, of course, that the treatments receiving phosphate were getting an additional amount of nitrogen. The test was repeated for three years on adjacent areas so residual effect could be observed. The plots were 6 ft x 28 ft. At the time of harvest a sample was taken through the centre of the plots after trimming off the ends to avoid border effect. The Summerland plots were harvested the first week in July but the Kamloops plots were not harvested until the first week in September. The yields were reported on an oven-dry basis. Crude protein was calculated as N x 6.25. Nitrogen was deter-2 HUBBARD AND MASON mined by the micro-Kjeldahl method.
Results
Productivity was not incre.ased by nitrogen fertilizer except at the Summerland location and the mid-grass zone of the Kamloops area. Phosphorus was also ineffective except for a small increase obtained at the upper grassland site (Table 1, Fig. 1 ). The N -P interaction resulted in very minor increases in yield in most locations.
Residual response was measured up to a period of five years after the initial yields had been taken. The major response was at the mid-grassland site, Kamloops, and at the Summerland site with a maximum residual response of 76% shown at Summerland with the application of 100 lb of N, and 44% residual response with a similar application on the mid-grassland site, Kamloops.
The application of commercial fertilizers to range areas not only stimulates the production of desirable forage species but also weeds. This is most evident at the more mesic sites. On the upper and mid-grassland sites in the Kamloops area there was a noticeable increase in weed growth the first year after application of the fertilizer. This decreased to practically nothing the second year after application.
Discussion
In almost all dryland sites in the interior of British Columbia forage production is controlled in the main by the amount of precipitation that occurs. This is, of course, assuming that the vegetation is a climax stand. If we compare the upper and lower site at Kamloops (Table 1, Fig.  1) , and use the total figures of forage production, the upper grassland site produced almost three times as much as the lower grassland site on the check plots. 1960 1961 1962 1963 1964 1959 1960 1961 1962 1963 1964 . Graphic presentation of forage yields as influenced by years and the application of ommercial fertilizer. At Summerland the check plot loops. It is difficult to explain was only slightly better than the the tremendous response at Sumlower grassland site at Kam-merland to nitrogen fertilizers loops. What is most striking is and the general lack of response the response at Surnmerland to in the Kamloops region, particuthe addition of commercial ferlarly at the lower grassland zone. tilizers. This was not evident on Both of these sites are in the the lower grassland site at KamBrown soil zone (Table 2) increase follows a similar relationship with the highest rates of nitrogen giving the greatest increase in forage production, and lowest increase to the phosphorus plus a small amount of nitrogen.
Because ammonium phosphate was used it is difficult to say that the phosphorus was of no benefit, but this perhaps can be assumed'as the poorest response at both locations was with the 60-lb treatment of ammonium phosphate which contained 14 lb of nitrogen, which would represent the lowest rate of nitrogen. Fig. 2 depicts the six-year total yields graphically.
.It is quite evident from the shape of the line that there is a very definite response to ammonium nitrate at Summerland.
While the yields of forage are relatively high on the upper grassland site the line is almost straight with the exception of the two nitrogen rates which also received phosphorus. Under irrigated conditions phosphorus is required on all soils of the Kamloops area for maximum forage crop production. However, it is obvious that the only site responding to phosphorus application was the upper grassland where more moisture is available for plant growth. At lower elevations moisture is a limiting factor to forage production and hence restricts the effectiveness of the application of commercial fertilizer. Nitrogen analysis was done on the forage harvested after the initial application and for the second year after application (Fig. 3) . The protein level in general was higher the first year after application of the fertilizer. This perhaps is to be expected. The drop in percent protein the second year is quite pronounced for the mid-grassland site at Kamloops and the lower grassland site at Summerland.
As there was virtually no difference in yields between the site that had the sagebrush removed and the one on which it was removed just prior to harvesting only one set of data are included for the lower grassland site at Kamloops.
A botanical survey indicated an increase in ground cover due to nitrogen fertilization at the Summerland site but not at the Kamloops sites. This increase in the basal area of bluebunch wheatgrass and Sandberg bluegrass, as well as an increase in height and leafiness, was a major factor in the large forage production response to nitrogen. In the Kamloops area an increase in forage production was due to an increase in height of the existing plants with no apparent increase in basal area.
There were no changes in the species composition with the exception of an increase in weedy plants the first year after fertilization.
Summary
Nitrogen when applied to native ranges of British Columbia can be expected to increase forage production. At the Summerland site the increase is very substantial. However, at the lower grassland site at Kamloops it is doubtful if fertilizing would be a profitable venture.
Phosphorus appears to be beneficial to the higher ranges.
On both the lower and midgrass Kamloops sites and the Summerland site the percentage forage increase follows a similar relationship with the highest rates of nitrogen giving the greatest increase.
.Range fertilization may be a useful management tool for increasing forage production and consequently livestock numbers. The range areas in British Columbia where the application of fertilizer may be economical have not been fully explored. The residual effect is a most important factor in any evaluation.
